The unicellular green microalgal genus Stichococcus Nägeli propagates by binary fission. In the present study, we measured the DNA content of Stichococcus bacillaris Nägeli in propidium iodide stained nuclei using laser scanning cytometry (LSC). Using the nuclei of Ulva compressa Linnaeus and Saccharomyces cerevisiae Hansen as references, the nuclear genome size of S. bacillaris was calculated as 80 Mbp. This value is approximately 4 times larger than that of Nannochloris bacillaris (20.3 Mbp), another member of the Trebouxiophyceae that propagates by binary fission.
Non-flagellate vegetative unicellular green algae of the Trebouxiophyceae predominantly propagate by autosporulation. In this manner, the mother cell wall is shed following division of the protoplast in each round of cell division. Stichococcus bacillaris and Nannochloris bacillaris are members of the Trebouxiophyceae, but their cell shapes are cylindrical and they propagate by binary fission. Several species of Stichococcus have been reported in fresh water, soil, aerial habitats, and lichen as photobiont (Printz 1964 , Ramanathan 1964 , Tschermak-Woess 1988 , Etll and Gärtner 1995 . The corticolous alga S. bacillaris, the type species of the genus, is common in Japan (Handa and Nakano1988, Handa et al. 1991 .
Laser scanning cytometry (LSC) is a microscope-based cytofluorometric technique that has attributes of both flow and image cytometry (reviewed by Darzynkiewicz et al. 1999) . Fewer samples can be screened with LSC than with flow cytometry, but each data point can be microscopically observed and annotated and can be utilized to distinguish nuclear from extranuclear DNA (Kagami et al. 2005) . In LSC, measurements are automated, allowing the screening of multiple samples (100-1000 nuclei/min) in comparison with microspectrophotometry. In the present study, we utilized LSC to determine the approximate genome size of S. bacillaris.
Materials and methods

Cell culture
Stichococcus bacillaris 786x was collected from the bark of Zelkova serrata (Thunb.) Makino in Sendai, Miyagi Prefecture, Japan. The species was cultured in modified Ichimura's C medium (Chida and Ueda 1991) and grown under continuous light at 23°C. Saccharomyces cerevisiae Meyer & Hansen (YM4741 and YM4743) was cultured on YM plates at 25°C. Gametes of Ulva compressa Linnaeus were prepared according to the methods of Kagami et al. (2005) .
Light microscopy
Dividing cells of S. bacillaris were observed under differential interference contrast microscopy (BX52, Olympus, Tokyo, Japan). Cells were harvested by centrifugation at 3300ϫg for 1 min and double-stained with 0.001% Fluostain I (Dojindo, Kumamoto, Japan) and 0.003% SYBR Green I (Molecular Probes, Eugene, OR, USA) in PBS buffer (0.13 M NaCl, 7 mM Na 2 HPO 4 , and 3 mM NaH 2 PO 4 , pH 7.2). The stained samples were first examined using differential interference for light-field images followed by ultraviolet excitation for Fluostain I, blue excitation for SYBR Green I, and green excitation for chlorophyll autofluorescence using a BX52 microscope (Olympus) equipped with a c4742 CCD camera (Hamamatsu Photonics Co., Shizuoka, Japan) and an AQUACOSMOS system (Hamamatsu Photonics Co.). An Olympus Apo 100ϫobjective was used in combination with a U-25ND25 filter and U-MNUA2 band-pass cube.
Estimation of nuclear DNA content by LSC
Cells of S. bacillaris were harvested and compared to the cells of S. cerevisiae (YM4741 and YM4743) and gametes of U. compressa as reference materials. Each sample was fixed with 3 : 1 methanol : acetic acid and washed in a dilution series of methanol and water. Fixed cells were washed twice in distilled water and resuspended in PBS buffer. Cells were then treated with 0.1 mg · mL Ϫ1 RNase A at 37°C overnight and stained with 2 mg · mL Ϫ1 propidium iodide (PI). Following staining, a coverslip was placed over the sample. The fluorescent intensity of PI (488 nm excitation) was measured with a laser scanning cytometer (LSC2, Olympus, Tokyo, Japan). The fluorescence intensities emitted by S. cerevisiae Y4743 (diploid strain), S. bacillaris, and U. compressa were compared with those emitted by haploid S. cerevisiae Y4741 cells in the same prepared specimen. The nuclear DNA content of S. bacillaris was then estimated from the known nuclear DNA content of S. cerevisiae Y4741 (13.4 Mbp), S. cerevisiae Y4743 (26.8 Mbp) , and the gamete of U. compressa (135 Mbp).
Results
SYBR Green I/Fluostain I double staining in cells undergoing binary fission
Stichococcus bacillaris 786x is cylindrical and occurs either as a single bacilliform cell (Fig.  1a, d ) or as a short filament of several cells (Fig. 1b-c , e-f) in addition to the other strain of S. bacillaris. When stained with SYBR Green I, each dividing cell showed 1 nucleus and several organelle nucleioids (Fig. 1d-f) . Autofluorescence (as a result of chlorophyll) was visible in each cell, indicating that the cells possessed a single chloroplast. The cell wall emitted Fluostain I fluorescence, which was observed at the cell periphery and at the plane of division. The newly formed cell wall at the plane of division displayed a stronger area of cellular staining.
Measurement of fluorescence intensity by LSC
Because the chloroplast of S. bacillaris and that residing in the gamete of U. compressa were bleached by the methanol/acetic acid fixative, chlorophyll autofluorescence was not observed. Consequently, autofluorescence did not interfere with the fluorescence of the PI-stained nuclei. The fluorescence intensity measured by LSC is summarized in Fig. 2 . S. cerevisiae BY4741 and BY4743 and gametes of U. compressa showed a single peak (Fig. 2a-c) , indicating a homogenous cell population. S. bacillaris was sampled during the exponential growth phase and displayed 2 peaks (Fig. 2c) . The first peak of smaller intensity was assumed to be from nuclei in the G1 phase of the cell cycle, while the second peak was assumed to be from single nuclei in the G2 phase. Discussion Figure 2d represents the standard curve compiled from the data obtained from S. cerevisiae Y4741 and Y4743 and U. compressa reference materials. The intensities of the maxima of S. cerevisiae Y4741 and Y4743 corresponded to a genome size of 13.4 Mbp and 26.8 Mbp, respectively. In the U. compressa gamete, the maxima corresponded to 135 Mbp (Kagami et al. 2005) . Applying this equation to the S. bacillaris fluorescence intensity data demonstrated that the DNA content of S. bacillaris was 80 Mbp.
In Trebouxiophyceae, the majority of nuclear DNA content estimates for Chlorellales have resulted from investigations using re-association kinetics and were published as base pairs (Dörr and Huss 1990) . Pulse field gel electrophoresis (Higashiyama and Yamada 1991 , Arai et al. 1998 , Yamamoto et al. 2001 ) and flow cytometry (Wilhelm et al. 1982 , Veldhuis et al. 1997 have also been utilized (summarized by Kapraun 2007) . The genus Nannochloris and related genera include some of the smallest and ultrastructurally simple phototrophic eukaryotes, with genomes as small as 12.6 Mbp (Arai et al. 1998 , Yamamoto et al. 2001 . The genome size of the binary fission type N. bacillaris was estimated as 20.3 Mbp (Arai et al. 1998 , Yamamoto et al. 2001 . LSC functions as both a microscope and a flow cytometer, and is thus able to automatically calculate the total level of fluorescence intensity and simultaneously observe the sample shape. The estimated nuclear DNA content of S. bacillaris is 4 times larger than the genome size of N. bacillaris (20.3 Mbp), which also propagates by binary fission. According to Kapraun (2007) , the nuclear DNA levels of Trebouxiophyceae range from 14 to 882 Mbp. The nuclear DNA content of S. bacillaris therefore falls within this range.
Genome size directly influences both the cost and difficulty of sequencing projects, and is as such a primary consideration when selecting sequencing subjects (Gregory 2005a, b) . A low DNA content (genome ca. 100 Mbp) has been the major criterion in the selection of algae for genomic and genetic analysis (Peter et al. 2004 , Waaland et al. 2004 , including bacterial artificial chromosome (BAC) cloning technology, used for large-scale physical mapping and genomic sequencing (Wang et al. 2005) . The identification of the S. bacillaris strain 786x genome size will lay the foundation for comparative genome size analysis among strains of S. bacillaris and species of the genus Stichococcus, allowing genomic and genetic analysis to be performed.
